










rate	 among	 all	 food	 grains	 including	 wheat	 and	 rice	
because	of	newly	emerging	food	habits	as	well	as	en-
hanced	industrial	requirements.	Maize	occupies	an	im-
portant	 place	 in	 agricultural	 economy	 of	 the	 country.	
Traditionally,	maize	is	grown	during	the	summer	(mon-
soon	or	kharif)	 season,	which	 is	accompanied	by	high	










Genetically	diverse	 and	mutually	 complementary	 elite	
inbred	lines	are	essential	requirements	for	hybrid	maize	
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for	commercial	exploitation	of	heterosis	manifestation	








a	 set	 of	 genotypes	 that	 performs	 well	 when	 crossed	
with	genotypes	 from	a	different	heterotic	group.	Pre-
cise	 information	 on	 heterotic	 groups	 of	maize	 inbred	
lines	 is,	 therefore,	 essential	 for	 effective	 and	 efficient	
implementation	 of	 hybrid	 breeding	 program.	 Choice	
of	genetically	diverse	parents	for	hybridization,	as	it	 is	
amply	 emphasized,	 is	 more	 likely	 to	 generate	 heter-
otic	hybrids.	The	high	genetic	diversity	of	 inbred	lines	
distributed	 equally	 among	 heterotic	 groups	 is	 useful	
in	 guiding	 breeders	 to	 select	 parental	 candidates	 for	
crossing	programs	(Liu	et	al,	2003;	Legesse	et	al,	2007;	
Pabendon	 et	 al,	 2008).	 Thus,	 information	 on	 genetic	
diversity	 of	 parental	 lines	 is	 also	more	or	 less	 equally	
important	 for	 hybrid	 breeding	 programs.	 The	 knowl-
edge	regarding	genetic	diversity	pattern	and	heterotic	
groups	is	very	useful	for	proper	and	effective	planning	
of	 crossing	programs	 for	 hybrid	 cultivar	 development	
(Reif	et	al,	2003).		
Phenotypically	 expressed	 morphological	 characters	
do	 not	 reliably	 portray	 genetic	 relationships	 due	 to	
environmental	 influence.	Since	 the	expression	of	mor-
phological	 traits	 is	 usually	 influenced	 by	 environmen-
tal	 factors,	 the	 information	generated	on	 the	basis	of	
morphological	characters	is	sometimes	incomplete	and	









phological	 variation,	 molecular	 polymorphism	 is	 gen-








of	 their	high	 level	of	polymorphism,	 repeatability,	 low	
cost	and	amenability	to	automation.	Keeping	into	con-









Materials and Methods 
	 Forty-five	single	cross	hybrids	were	generated	from	
eighteen	 parental	 lines	 including	 fifteen	 inbreds	 and	
three	inbred	testers	(Table	1)	to	constitute	the	experi-




Experimental	 hybrids	 along	 with	 parental	 lines	 were	






Sl. No. Inbred line Kernel color Source Sl. No. Inbred line Kernel color Source
01. CML467 Yellow CIMMYT, Mexico 10. LM13 Yellow SRI, Coimbatore
02. CML468 Yellow CIMMYT, Mexico 11. Dholi2012 Yellow TCA, Dholi
03. CML469 Yellow CIMMYT, Mexico 12. HKI162 Yellow CCS HAU, Hisar
04. CML470 Yellow CIMMYT, Mexico 13. HKI323-B Yellow CCS HAU, Hisar
05. CML471 Yellow CIMMYT, Mexico 14. HKI586 Yellow CCS HAU, Hisar
06. CML373 Yellow CIMMYT, Mexico 15. HKI1105 Yellow CCSHAU, Hisar
07. CML115 Yellow CIMMYT, Mexico 16. CML161* Yellow CIMMYT, Mexico
08. CML196 Yellow CIMMYT, Mexico 17. CML165* Yellow CIMMYT, Mexico
09. CML465 Yellow CIMMYT, Mexico 18. CML163* Yellow CIMMYT, Mexico
Table 1. Kernel color and source of inbred lines and testers used in the present study  
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grain	 yield	 recorded	 on	 five	 randomly	 chosen	 plants	
per	entry	was	used	for	statistical	analysis.	Analysis	of	
variance	 was	 performed	 for	 partitioning	 of	 the	 vari-
ance	into	different	sources	in	order	to	provide	a	basis	




Heterotic grouping of inbred lines
	 Heterotic	 potential	 of	 each	 inbred	 line	 was	 as-
sessed	on	the	basis	of	grain	yield	of	 its	experimental	
hybrid	averaged	over	 the	 two	 seasons	and	 the	aver-





















Genotyping of parental lines
	 Total	genomic	DNA	was	isolated	from	leaf	samples	
collected	 at	 four	 to	 five	 leaf	 stage	 seedlings	 of	 the	




were	 chosen	 from	 MaizeDB	 (http://www.maizegdb.
org/ssr.php)	and	utilized	for	amplification	of	targeted	
genomic	 regions.	 Using	 standard	 protocol	 of	 poly-
merase	chain	reaction	adjusted	to	laboratory	condition	
(Punya	et	al,	2017),	targeted	amplification	of	specified	
genomic	 regions	 was	 selectively	 and	 purposely	 per-
formed	by	employing	 selected	panel	of	 forward	and	
reverse	microsatellite	primer	pairs	 in	a	thermal	cycler	
(Eppendorf).	 The	 products	 generated	 by	 primer	 di-
rected	amplification	of	genomic	regions	were	resolved	
Table 2 Analysis of variance for different characters of parental lines and single cross experimental hybrids of maize across seasons 
Mean sum of squares
Source of variation DF Plant height (cm)
Ear height 
(cm) Ear length (cm)
No. of Kernels per 
ear Grain yield per plant (g)
Replication S1 2 0.77 1.86 2.51 1742.82 24.49
S2 2 0.95 2.06 0.66 40.05 3.20
S3 2 0.85 1.58 0.37 467.87 11.07
Entries S1 62 877.36** 541.74** 28.07** 9904.55** 555.51**
S2 62 572.79** 438.18** 37.88** 2868.25** 719.99**
S3 62 596.09** 419.61** 31.72** 3564.03** 530.48**
Parents S1 17 880.54** 485.97** 9.18** 12646.32** 691.17**
S2 17 457.93** 348.67** 7.75** 1058.60** 277.01**
S3 17 516.55** 407.55** 7.12** 32.4.57** 289.67**
Hybrids S1 44 534.67** 271.35** 14.68** 8198.13** 443.73**
S2 44 560.48** 347.92** 27.41** 2916.25** 430.35**
S3 44 453.22** 222.79** 19.81** 2991.13** 405.03**
Heterosis S1 1 15901.86** 13386.71** 938.46** 38376.96** 3167.63**
S2 1 3067.46** 5931.45** 1010.54** 31520.47** 20994.66**
S3 1 8234.40** 9284.95** 974.16** 34882.48** 10143.75**
Error S1 124 1.50 1.85 1.43 946.63 31.92
S2 124 1.70 1.54 1.15 82.77 31.06
S3 124 0.87 0.82 0.69 245.20 16.06
 S1: Rabi season; S2: Kharif season; S3: Over seasons; *, **: Significant at 5% and 1%, respectively.
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with	 the	 help	 of	 agarose	 (2%)	 gel	 electrophoresis	 at	
110	V	 for	one	and	half	hour	 in	horizontal	gel	 system	
and	then	visualized	and	documented	under	gel	docu-














Genotypic grouping of inbred lines
	 Genetic	relation	among	the	inbred	lines	and	testers	
was	 analyzed	 by	 calculating	 the	 similarity	 coefficient	
(Dice,	1945)	for	pair-wise	combinations	of	the	entries	
using	 binary	 data	 generated	 on	 the	 basis	 of	 pres-









was	 performed	 on	 the	 basis	 of	 similarity	 coefficients	
by	 using	 sequential	 agglomerative	 hierarchical	 non-
overlapping	(SAHN)	clustering	as	the	module	for	tree	
building.	
Method	 employed	 for	 construction	 of	 similarity	 indi-
ces	based	dendrogram	involved	un-weighted	paired-
grouping	using	mathematical	average	(UPGMA).	Prin-




ysis	was	performed	with	 the	help	of	 software	 (Rohlf,	
1997)	and	the	divergence	pattern	of	 the	 inbred	 lines	




with	 the	heterotic	groups	 formed	using	hybrid	 index	
and	 hybrid	 mean	 values	 by	 calculating	 coincidences	
percentage	of	lines	in	the	groups	(Pinto	et	al,	2003)
Results










Sl. No. Marker Ch. No. No. of alleles PIC Sl. No. Marker Ch. No. No. of alleles PIC
01. phi 227562 1 07 0.80 15. bnlg118 5 13 0.89
02. bnlg 1429 1 11 0.89 16. bnlg1136 6 11 0.87
03. umc 1297 1 13 0.79 17. umc1083 6 14 0.73
04. nc 133 2 15 0.71 18. phi034 7 11 0.87
05. phi 083 2 14 0.75 19. phi116 7 08 0.85
06. phi029 3 11 0.84 20. umc 1304 8 09 0.34
07. phi 053 3 16 0.80 21. umc1161 8 12 0.55
08. umc1266 3 11 0.88 22. phi115 8 07 0.81
09. umc1136 3 06 0.66 23. phi 014 8 08 0.70
10. phi072 4 06 0.72 24. phi065 9 15 0.85
11. phi093 4 11 0.89 25. phi 084 10 10 0.83
12. nc 130 5 09 0.87 26. umc1367 10 11 0.79
13. umc1332 5 13 0.79 27. umc1196 10 07 0.72
14. umc1152 5 11 0.58 28. umc1179 10 06 0.93
 PIC; Polymorphism information content
Table 3 Allelic diversity of microsatellite markers used for genomic profiling of inbreds 
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various	 sources	 revealed	 the	 statistical	 significance	
of	mean	 sum	of	 squares	due	 to	parents,	 hybrids	 and	
parents	vs.	hybrids	(heterosis)	under	both	the	seasons	
and	 also	 over	 the	 seasons	 for	 all	 the	 five	 metric	
characters.		
Phenotyping of parents and hybrids









length	and	number	of	 kernels	per	ear,	 in	 comparison	
to	 the	mean	performance	of	 rest	of	 the	 inbred	 lines.	






were	observed	 to	be	 statistically	 at	 par	 in	 respect	 of	
grain	 yield	 per	 plant.	 Thirteen	 cross	 combinations	
including	 five	 amongst	 sixteen	 high	 yielding	 cross	
combinations	exhibited	significantly	 longer	ear	 length	
in	comparison	to	the	general	mean.	
	 Altogether	 eleven	 cross	 combinations	 including	
six	 amongst	 sixteen	high	 yielding	 cross	 combinations	
had	 significantly	 more	 number	 of	 kernels	 per	 ear	
than	 the	 general	 mean.	 Amongst	 the	 high	 yielding	
hybrid	 combinations,	 seven	 combinations,	 namely,	
CML468×CML161,	CML469×CML165,	CML469×CML163,	
CML471×CML161,	 CML115×CML163,	 HKI162×CML161	
and	 HKI323B×CML161,	 recorded	 significantly	 higher	
mean	value	for	either	ear	length	or	number	of	kernels	
per	ear	than	general	mean	value.	Only	two	high	yielding	






HKI323B×CML165	 to	86.96%	 in	 the	 cross	CML468	×	
CML161	during	 rabi	 season.	 Twenty	 six	 crosses	were	
found	to	have	positive	heterosis.	During	kharif	season,	
the	 magnitude	 of	 significant	 heterosis	 ranged	 from	
22.03%	in	the	cross	HKI586×CML163	to	125.09%	in	the	
cross	 CML115×CML163.	 Thirty	 nine	 crosses	 showed	
positive	 heterosis.	 Seven	 crosses	 in	 rabi	 season	 and	
none	of	the	crosses	in	kharif	season	exhibited	negative	
Sl. No. Experimental hybrid HI HM
01. CML467×CML161 0.76 53.83
02. CML468×CML161 1.18 83.30
03. CML469×CML161 0.81 57.50
04. CML470×CML161 0.82 57.75
05. CML471×CML161 1.24 87.55
06. CML373×CML161 1.02 72.13
07. CML115×CML161 1.04 73.77
08. CML196×CML161 1.02 72.33
09. CML465×CML161 0.81 57.07
10. LM13×CML161 1.02 71.73
11. DH2012×CML161 0.95 66.85
12. HKI162×CML161 1.27 89.95
13. HKI323B×CML161 1.24 87.58
14. HKI586×CML161 1.09 77.30
15. HKI1105×CML161 0.65 45.97
16. CML467×CML165 0.90 63.42
17. CML468×CML165 1.03 72.70
18. CML469×CML165 1.24 87.07
19. CML470×CML165 1.02 72.22
20. CML471×CML165 1.21 85.40
21. CML373×CML165 0.82 57.83
22. CML115×CML165 1.09 76.98
23. CML196×CML165 1.05 73.82
24. CML465×CML165 1.02 72.05
25. LM13×CML165 0.82 58.22
26. DH2012×CML165 0.81 57.22
27. HKI162×CML165 1.06 74.40
28. HKI323B×CML165 0.78 55.10
29. HKI586×CML165 1.01 71.08
30. HKI1105×CML165 1.06 74.83
31. CML467×CML163 1.10 70.55
32. CML468×CML163 0.85 54.52
33. CML469×CML163 1.19 75.90
34. CML470×CML163 0.84 53.65
35. CML471×CML163 1.07 68.55
36. CML373×CML163 0.74 47.22
37. CML115×CML163 1.27 80.88
38. CML196×CML163 0.84 54.05
39. CML465×CML163 1.18 75.47
40. LM13×CML163 0.88 56.05
41. DH2012×CML163 0.87 55.75
42. HKI162×CML163 0.90 57.68
43. HKI323B×CML163 1.12 71.78
44. HKI586×CML163 0.93 59.27
45. HKI1105×CML163 1.16 73.90
HI: Hybrid index; HM: Hybrid mean
Table 4 Hybrid index and hybrid mean values based on grain yield 
of hybrids
Microsatellite divergence among maize inbred lines
63 ~ M23
6
Maydica electronic publication - 2018
heterosis.	On	pooled	data	basis,	the	extent	of	heterosis	
for	 grain	 yield	 per	 plant	 ranged	between	 -14.02%	 in	
the	 cross	 CML467×CML161	 to	 89.03%	 in	 the	 cross	
CML468×CML161.	 Thirty	 five	 crosses	 exhibited	
significantly	 positive	 heterosis,	 whereas	 two	 crosses	
were	 found	 to	 exhibit	 negatively	 significant	 heterosis	
for	grain	yield	per	plant.
	 Statistically	 significant	 heterotic	 effect	 over	
better	 parent	 for	 grain	 yield	 per	 plant	 ranged	
between	 -38.40%	 in	 the	 cross	 CML467×CML161	 to	
68.46%	 in	 the	 cross	 CML468×CML161	 during	 rabi	
season.	 Similarly,	 significant	 heterosis	 over	 better	
parent	 ranged	 from	 18.04%	 in	 CML471×CML163	 to	
124.28%	 in	 CML115×CML163	 during	 kharif	 season.	
Across	 the	 seasons	 on	 pooled	 data	 basis,	 extent	 of	
heterosis	 for	 grain	 yield	 per	 plant	 ranged	 between	
-28.40%	 in	 the	 cross	CML467×CML161	 to	 73.30%	 in	
the	 cross	 CML469	×	CML163.	 A	 perusal	 of	 the	 data	
on	 heterosis	 over	 better	 parent	 further	 revealed	 that	
15	crosses	 in	 rabi	 season,	34	crosses	 in	kharif	 season	
and	31	crosses	across	the	seasons	exhibited	significant	
heterosis	 for	 grain	 yield	 per	 plant.	 Eleven	 crosses	
in	 rabi	 season	 and	 three	 crosses	 across	 the	 seasons	
showed	lesser	grain	yield	per	plant	than	the	respective	






and	 CML465×CML163,	 recorded	 significantly	 higher	
mean	 performance	 in	 conjunction	 with	 significantly	
positive	heterosis	for	grain	yield	and	appeared	as	most	






evaluation	 in	 the	 present	 investigation.	 Amplification	
of	 genomic	 template	 using	 twenty	 eight	 simple	
sequence	repeat	primer	pairs	exhibited	different	levels	
of	 polymorphism	 among	 the	 eighteen	 maize	 inbred	
lines	 subjected	 to	 microsatellite	 profiling.	 Molecular	
level	genetic	polymorphism	was	visualized	in	the	form	
of	 presence	 or	 absence	 of	 bands,	 in	 addition	 to	 the	
number	and	position	of	bands	(Fig.	1).	Differential	ability	
to	 determine	 variability	 among	 the	 inbred	 lines	 was	
clearly	exhibited	by	the	panel	of	primer	pairs	employed	
during	 molecular	 characterization.	 Allelic	 variants	
generated	 by	 some	 of	 the	 primer	 pairs	 were	 higher	
in	number,	while	some	of	them	yielded	lesser	number	
of	allelic	variants.	Altogether	296	allelic	variants	were	




HI CML469, CML471, CML115, HKI162
HM CML471, CML115, HKI162
Group 2 GS HKI323B,HKI586




Group 3 GS LM13,DH2012,HKI162
HI CML467, CML468, CML470, CML373, LM13, DH2012
HM CML467, CML470, CML373, LM13, DH2012
Group 4 GS HKI1105,CML161,CML165,CML163
GS: Genetic similarity; HI: Hybrid Index; HM: Hybrid mean
Table 5. Comparison of heterotic groups of inbred lines formed by 
using microsatellite markers based genetic similarity, hybrid index 
value and hybrid mean value
Figure 1 Microsatellite primers dependent amplification patterns of targeted genomic regions of eighteen tropical maize inbred lines.
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detected	amongst	amplified	products	with	a	molecular	
size	range	between	56	to	352	bp.	The	number	of	alleles	
varied	 from	 6	 in	 the	 cases	 of	 umc1136,	 phi072	 and	







of	 amplified	 product,	 targeted	 microsatellite	 locus	
specific	 null	 allele	 was	 assigned	 to	 the	 inbred	 line.	
Occurrence	of	null	 allele	was	accordingly	 inferred	 for	
a	particular	inbred	line-marker	combination,	whenever	
an	 amplification	 product	 could	 not	 be	 generated	 in	
combination	with	a	 specific	primer	pair.	Experimental	
results	showed	null	allele	in	some	of	the	inbred	parental	
lines	 subjected	 to	 microsatellites	 based	 molecular	
profiling	by	the	primer	pairs	nc133,	bnlg	1429,	phi093,	
phi053,	umc1367,	phi115	and	bnlg118.
	 Polymorphism	 information	 content	 values	 ranged	
from	 0.34	 (umc1304)	 to	 0.93	 (umc1179)	 with	 mean	
value	 of	 0.77	 (Table	 3),	 demonstrating	 sufficiently	
enough	allelic	diversity	and	 informativeness	of	primer	
pairs	 along	with	 the	 potential	 to	 discern	 the	 genetic	




for	 the	 primer	 pair	 umc1304	with	 an	 overall	 average	
value	of	47.04	percent.	Remarkably	greater	magnitude	
of	polymorphism	per	cent	was	registered	for	the	primer	
pairs	 umc	 1297,phi083,	 phi029,	 phi053,	 umc1266,	
umc1136,	 phi093,	 bnlg118,	 umc1083,	 phi034,	
umc1161,	 phi115,	 phi014,	 phi065,	 phi084,	 umc1367,	
umc1196,	umc1179.	Microsatellites	with	di-nucleotide	
repeat	 motifs	 were	 found	 to	 be	 more	 polymorphic,	
generating	more	number	of	allelic	variants	than	those	
with	 tri-nucleotide	 repeat	 motifs.	 Using	 the	 number	
of	 alleles	 generated	 due	 to	 variation	 in	 the	 length	
of	 simple	 sequence	 repeats	 flanked	 by	 different	
primer	 pairs	 as	 the	 criterion	 in	 conjunction	 with	 the	
polymorphism	information	content	and	polymorphism	
per	cent,	the	primer	pairs	umc1297,	phi053,	umc1266,	
phi093,	 bnlg118,	 phi034,	 phi115,	 phi065	 and	 phi084	
appeared	 to	 be	 highly	 polymorphic	 and	 informative	
markers	for	the	purpose	of	molecular	characterization.
Genotypic	grouping	of	inbred	lines	
	 Ample	 genetic	 differentiation	 was	 discerned	
amongst	 the	 inbred	 lines	 subjected	 to	 microsatellite	
profiling	 for	 the	 assessment	 of	 their	 genetic	
relationships.	 Amongst	 pair-wise	 combinations	 of	




targeted	 by	 the	 primer	 pairs	 used	 for	 molecular	
profiling	in	the	present	study.	Basically,	the	inbred	lines	
and	 testers	 were	 differentiated	 into	 four	 genotypic	
groups	 (Fig.	 2).	Cluster	 analysis	 clearly	 indicated	 that	
the	 microsatellite	 markers	 utilized	 in	 the	 present	
study	 revealed	 a	 remarkably	 higher	 level	 of	 genetic	
polymorphism,	 which	 allowed	 unique	 genotyping	
and	 unambiguous	 classification	 of	 inbred	 lines.	 Since	
the	 markers	 were	 chosen	 from	 all	 the	 chromosomes	
existing	 in	 the	genome	of	maize,	 the	molecular	 level	
genetic	 diversity	 exhibited	 by	 them	 seemed	 to	 be	
unbiased	and	not	due	to	chance.	Neighbor	joining	tree	
(Fig.	3)	and	principal	coordinate	analysis	based	spatial	
distribution	 pattern	 of	 the	 microsatellites	 primers	
dependent	genetic	profiles	(Fig.	4)	exhibited	more	or	
less	 similar	 type	 of	 genetic	 associations	 amongst	 the	
inbred	lines	and	testers.	
Table 6. Average genetic similarity within and between hybrid 
index (above diagonal) and hybrid mean value (below diagonal) 
based heterotic groups of inbred lines
Heterotic 
group Group 1 Group 2 Group 3 Hybrid index
Group 1 0.153 0.127 0.195 0.132
Group 2 0.135 0.113 0.109 0.125
Group 3 0.203 0.135 0.132 0.151
GS: Genetic similarity; HI: Hybrid Index; HM: Hybrid mean
Figure 2 - Hierarchical classification pattern of maize inbred lines and 
testers based on similarity coefficients for twenty eight microsatellite 
primer pairs
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Heterotic grouping of inbred lines
Considering	 the	 hybrid	 index	 value	 (Table	 4)	 as	 the	
basis,	the	inbred	lines	were	divided	into	three	groups.	
Highly	heterotic	group	(Group	1)	included	four	inbred	
lines	 (Table	 5).	 Similarly,	 moderately	 heterotic	 group	
(Group	 2)	 contained	 five	 inbred	 lines,	 whereas	 poor	
heterotic	 group	 (Group	 3)	 accommodated	 six	 inbred	
lines.	On	 the	 basis	 of	 hybrid	mean	 value,	 the	 inbred	
lines	 were	 also	 classified	 into	 three	 groups.	 Highly	
heterotic	 group	 (Group	 1)	 consisted	 of	 three	 inbred	
lines,	 whereas	moderately	 heterotic	 group	 (Group	 2)	
and	 poor	 heterotic	 group	 (Group	 3)	 had	 seven	 and	
five	 inbred	 lines,	 respectively.	 Microsatellite	 profiling	




genotypic	 group.	 Similarly,	 second	 and	 third	 groups	
consisted	of	two	and	three	inbred	lines,	respectively.	In	















markers	 assisted	 molecular	 characterization	 were	
considerably	 higher	 with	 the	 inbred	 lines	 included	











markers	 as	 the	 criterion	 during	 parental	 selection	 for	
the	development	of	single	cross	experimental	hybrids.	
The	inbred	lines	with	same	heterotic	groups	seemed	to	
be	 suitable	 for	 the	development	 of	 synthetic	 varieties	




	 During	 the	 course	of	present	 investigation,	maize	
inbred	 lines	 collected	 from	 four	 different	 sources	 or	









Figure 3 - Neighbor joining tree of maize inbred lines and testers 
based on similarity coefficients for twenty eight microsatellite primer 
pairs
Figure 4 - Spatial distribution pattern of twenty eight microsatellite 
primer pairs based genetic profiles of maize inbred lines and testers
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of	 the	 28	 microsatellite	 markers	 employed	 during	
molecular	characterization,	suggesting	the	existence	of	
significant	polymorphism	among	the	markers.	Similarly,	
more	 than	 half	 (64%)	 of	 the	 microsatellite	 primers	
recorded	 polymorphic	 information	 content	 value	
greater	than	the	overall	mean,	indicating	that	most	of	
the	markers	 used	 had	 sufficiently	 high	 discriminatory	















used	 in	 the	present	 study,	 the	 range	of	 its	 numerical	
values	 (0.34	 to	 0.93)	 clearly	 indicated	 the	 presence	
of	 appreciably	greater	 level	of	 allelic	 richness	 among	
the	 inbred	 lines.	 Average	 value	 calculated	 for	 this	
parameter	 in	 the	present	study	was	very	close	 to	 the	
value	 obtained	 by	 several	 earlier	 research	 workers	





researchers	 (Adeyemo	 et	 al,	 2011;	 Nyaligwa	 et	 al,	
2015).	Such	noticeable	discrepancies	in	respect	of	the	
number	of	detected	alleles	might	be	due	to	differences	
in	the	diversity	of	 the	 lines	used,	 the	number	of	 lines	
examined	 and	 the	genetic	 profiling	method	 adopted	
(Adeyemo	 et	 al,	 2011).	 Among	 the	 primers	 which	
had	 higher	 PIC	 values,	 umc1297,	 phi053,	 umc1266,	
phi093,	 nc130,	 umc1332,	 bnlg118,	 phi034,	 phi116,	
phi115,	 phi065	 and	 phi084	 generated	 considerably	
greater	number	of	allelic	variants	as	a	consequence	of	
sequence	length	variation	revealed	by	the	amplification	
of	 simple	 sequence	 repeats	 flanked	 by	 these	 primer	
pairs.	 Furthermore,	 umc1297,	 phi053,	 umc1266,	
phi093,	 bnlg118,	 phi034,	 phi115,	 phi065	 and	 phi084	
generated	considerably	greater	percentage	of	unique	
alleles	 amongst	 the	 twelve	primers	which	had	higher	
PIC	values	along	with	greater	number	of	alleles.	Taking	
into	 consideration	 the	 number	 of	 alleles	 generated	
by	different	primer	pairs	 in	conjunction	with	the	 level	
of	 polymorphism	 detected	 in	 the	 present	 study,	 the	
primers	umc1297,	phi053,	umc1266,	phi093,	bnlg118,	







of	 entries	 within	 the	 cluster	 (Fig.	 2).	 In	 general,	 the	
inbred	lines	originating	from	the	same	center	showed	
remarkably	greater	tendency	to	be	clustered	together.	






of	 genetic	 similarity,	 the	 entries	 were	 found	 to	 be	
well	 separated	 in	 all	 the	 clusters,	 thereby	 indicating	
that	they	were	genetically	divergent	also.	Remarkably	




principal	 coordinate	 analysis	 based	 two-dimensional	




by	 the	 sequential	 agglomerative	 hierarchical	 non-
overlapping	cluster	analysis	based	dendrogram.	
	 Using	different	approaches	 to	examine	the	nature	
of	 differentiation	 and	 divergence	 among	 the	 inbred	
parental	 lines,	 it	 was	 clearly	 established	 that	 the	
markers	 utilized	 in	 this	 study	 revealed	 a	 remarkably	
higher	 level	of	genetic	polymorphism,	which	enabled	
unique	 genotyping	 and	 unambiguous	 classification	
of	 inbred	 lines.	 Similar	 inference	 was	 derived	 from	




within	 sources	 of	 collection	 signified	 that	 substantial	
variation	existed	among	the	inbred	lines	within	sources	
of	 collection,	 in	 addition	 to	 the	 contribution	 of	 the	
sources	of	inbred	lines	to	the	total	molecular	variance	
(Kashiani	et	al,	2012;	Nyaligwa	et	al,	2015;	Richard	et	
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al,	2016).	Further,	 the	separation	of	most	of	 the	 lines	
derived	 from	 different	 source	 germplasm	 into	 well	
defined	groups	suggested	that	these	inbred	lines	can	
be	 effectively	 utilized	 as	 parental	 lines	 to	 develop	
inbred	 lines	 belonging	 to	 different	 heterotic	 groups	
with	 the	 usefulness	 to	 produce	 hybrids	 that	 may	
optimize	 expression	 of	 heterosis	 in	 maize	 breeding	
programs.	 Therefore,	 the	 present	 study	 has	 revealed	
appreciable	 level	 of	 genetic	 diversity	 among	 the	
inbred	lines	with	the	genetic	potential	to	facilitate	the	
selection	of	parents	with	diverse	alleles.
	 Practically	 reliable	 and	 effective	 discrimination	
of	 inbred	 lines	 efficiently	 promotes	 the	 utilization	
of	 genetic	 materials	 in	 breeding	 programs.	 Parental	
genetic	 divergence	 in	 this	 context	 defines	 the	
manifestation	of	heterosis	and	the	heterotic	pattern	is	
largely	 determined	 by	 the	 genetic	 divergence	 of	 the	
parental	 lines.	Therefore,	crossing	programs	 involving	
distant	 inbred	 lines	 of	 maize	 might	 ensure	 greater	
success	in	the	production	of	desirable	genetic	variability	





in	 this	 study	 could	 be	 exploited	 accordingly	 in	 order	
to	 design	 a	 strong	 hybrid	 maize	 breeding	 program.	
The	information	acquired	from	this	study	regarding	the	




	 Parental	 line	 selection	 and	 breeding	 strategies	
for	 the	 successful	 and	 efficient	 hybrid	 development	
program	are	greatly	 facilitated	by	heterotic	grouping	
of	 parental	 lines.	 Heterotic	 grouping	 is	 grouping	 of	
related	 or	 unrelated	 genotypes	 from	 the	 same	 or	
different	 populations	 that	 indicate	 similar	 combining	
ability	and	heterotic	response	when	crossed	with	testers	
from	 other	 genetically	 diverse	 germplasm	 groups	
(Hundera,	2017).	Being	an	important	activity	in	hybrid	
maize	breeding	programs,	it	enables	efficient	parental	



















Tian	et	 al,	 2004;	Reif	 et	 al,	 2005;	Aguiar	 et	 al,	 2008;	
Balestre	et	al,	2008;	Pabendon	et	al,	2008;	Shah	et	al,	
2010;	Shiri	et	al,	2014;	Suni	et	al,	2016;	Hu	et	al,	2017).	
Molecular	 markers	 offer	 the	 possibility	 of	 evaluating	
only	 the	 more	 promising	 crosses	 between	 the	 most	
divergent	lines.
	 Among	the	three	approaches	adopted	to	separate	







evaluated	 lines.	A	more	 or	 less	 similar	 approach	was	
adopted	 by	 earlier	 researchers	 (Aguiar	 et	 al,	 2008).	
Microsatellite	markers	 based	 classification	 was	 found	
highly	 effective	 in	 heterotic	 grouping	 of	 inbred	 lines	
consistent	with	their	source	or	geographical	origin	and	
remarkably	 greater	 number	 of	 inbred	 lines	 procured	
from	the	same	source	were	placed	in	the	same	heterotic	
group.	 Similarly,	 the	 three	 testers	 procured	 from	 the	
same	source	were	placed	in	the	same	heterotic	group.	
A	 comparative	 assessment	 of	 heterotic	 grouping	 by	




LM13	 belonged	 to	 same	 heterotic	 group	 in	 all	 the	
cases.	
	 Grouping	 methods	 showed	 inconsistency	 of	 the	
procedures	 involved	 in	 heterotic	 group	 formation,	










by	 taking	 into	 consideration	 the	 fact	 that	 the	 hybrid	
index	value	was	based	on	 the	performance	 recorded	
over	two	seasons.	Therefore,	heterotic	grouping	based	
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on	the	mean	of	all	hybrids	with	the	testers	represented	









microsatellite	markers	was	 not	 absolute	 for	 grouping	





(47%	 and	 40%,	 respectively).	While	 the	 formation	 of	
heterotic	groups	on	the	basis	of	test	crosses	is	tester-
dependent,	 labor	 and	 cost-intensive	 and	 influenced	
by	 genotype-environment	 interaction,	 microsatellite	
markers	based	discrimination	of	heterotic	groups	does	
not	 suffer	 from	 all	 these	 limitations.	 Microsatellite	
markers	are,	therefore,	able	to	more	efficiently	classify	
closely	 related	maize	 inbred	 lines	 than	morphological	
characters	 (Beyen	 et	 al,	 2005;	 Pabendon	et	 al,	 2008;	
Shah	et	al,	2010;	Shiri	et	al,	2014).	Thus,	the	results	of	
the	 present	 study	 provided	 the	 evidence	 to	 support	
the	view	point	that	the	use	of	microsatellite	markers	for	
separation	of	maize	inbred	lines	into	heterotic	groups	
would	effectively	 and	efficiently	 lower	 the	number	of	
single	 crosses	 to	 be	 evaluated,	 thus,	 increasing	 the	
efficacy	of	hybrid	maize	breeding	programs.
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